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UNIT-OF-USE REAGENT COMPOSITIONS FOR SPECIFIC BINDING ASSAYS 

BACKGROUND OF THE INVENTION 

5 1 • Field of the Invention 

The invention relates generally to the field of assay reagents and their use in 
diagnostic assays. More particularly, the present invention relates to unlt-of-use 
iyophilized reagent compositions, which are especially advantageous in diagnostic 
asssq^. 

10 

2. Description of Related Art 

Various analytical procedures are commonly used in diagnostic assays to 
determine the presence and/or amount of substances of interest or clinical 
significance in test samples, such as body fluids. These clinically significant or 

1 5 interesting substances are commonly referred to as analytes. Diagnostic assays have 
become an indispensable means for detecting analytes in test samples by using the 
mutual reaction between the analyte and a specific binding member, as typified by 
the immunoreaction between an antigen and an antibody to that antigen. 

Commercially available test devices for performing spedfic binding assays 

20 are usually in the form of test kits comprising packaged combinations of containers 
holding individual solutions of the reagents necessary for carrying out the assay. To 
perfomn the desired assay technique, aliquots of such reagent solutions must be 
manually or instrumentaliy dispensed into a reaction vessel with the test sample. If 
manually dispensed, the assay requires the time and skill of a technician, and if 

25 instrumentaliy dispensed, the assay requires the expense and maintenance of a 
dispensing apparatus. 

Reagent impregnated solid phase test devices have been developed for specific 
binding assays to overcome the need for reagent measurements and the dispensing of 
individual reagents. Commonly used solid phase devices of this type Include 

30 dipsticks, test strips, vials and flow-through devices wherein most or all of the 
necessary reagents are Incorporated within the solid phase material. The assay 
reagents are generally applied to and dried upon the solid phase material to form 
reactive sites. 

Dipstick devices generally Involve a plastic strip with a reagent'<x>htaining 
3 5 matrix layered thereon. Typically, a test sample is applied to the device, and the 
presence of analyte is indicated by a reaction In the matrix layer between the analyte 
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and assay reagent which produces a visually detectable signal such as color- 
fonnatlon. Hochstrasser (U.S. Pat. 4.059.407) discloses a dipstick device which is 
immersed In a biological fluid to detect analyte in the fluid. Also of interest In the 
area of dipstick devices are U.S. Pat. Nos. 3.802.842; 3.915.639 and 4.689.309 

5 and WO Application No. 8,600,670. 

Test strip devices are exemplified by the devices of Deutsch et al. which 
Involve Chromatographic test strips (U.S. Pat. Nos. 4.094.647. 4.235.601 and 
4.361.537). The typical device comprises a material capable of transporting a 
solution by capillary action. i.e.. wicking. Different areas or zones along the strip 

1 0 contain the assay reagents needed to produce a detectable signal upon the transport of 
analyte to or through such zones. The device is suited for both chemical assays and 
binding assays which are typified by the binding reaction between an antigen and 
complementary antibody. Many variations on the Deutsch device have been disclosed. 
Also of Interest In the area of test strips are U.S. Pat. Nos. 4,168.146; 4.298,688; 

15 4,435.504: 4.461,829; 4.517.288 and 4.740.468; European Patent Office 
Publication Nos. 88.636; 259.157; and 267.006; and German Patent No. 
3,445,816. 

Row-through devices generally involve a porous material incorporated with 
an immobilized assay reagent. Test sample is applied to and flows through the porous 

20 material, and analyte In the sample reacts with the reagent to produce an 

Immobilized complex that can then be detected on the porous material. Tom et al. 
(U.S. Pat. Nos. 4.366.241) disclose a bibulous material with an lmmunosort)lng 
zone containing an Immobilized analyte-speclfic antibody to whteh the test sample Is 
dIrecUy applied. Other flow-through devices are described In U.S. Pat. Nos. 

25 3.825.410; 3.888.629; 4.446.232; 4.587.102; 4.632.901; 4.637.978 and 
4.727.019 and European Patent Office Publicatton Nos. 212.603; 217.403 and 
249,851. 

Previously known binding assay devices are generally considered difficult to 
manufacture. Typically, the reagents are applied individually to the solid phase to 

30 form reactive sites with drying of the solid phase after each addition. I.e.. the 
manufacturer must supply the measuring and dispensing skills required by the 
assays. The dipstick, test strip and flow-through devices also are complicated 
because the chemical or physical reactions take place in the solid phase as the test 
sample passes through or migrates along the solid phase, and therefore, the solid 

35 phase must be designed to allow appropriate incubation and reaction times between 
each reactive site. In addition, when such devices are constructed they must be 
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Incorporated with the reagents specific for the analyte to be detected. This results in 
the need to change production techniques for each analyte of interest. Moreover, the 
reagents incorporated by direct application to and drying upon the solid phase a 
subject to changes in stability during the storage of the device. 

5 

SUMMARY OF THE INVENTION 

The present invention involves reagent compositions for specific binding 
1 0 assays and methods for their preparation. One object of the present invention is to 
provide unit-of-use reagent compositions for specific binding assays. Another 
object of the present invention is to provide stable reagent compositions which can 
undergo storage conditions for extended periods of time. The novel reagent 
compositions of the present invention can be reacted with the test sample, and the 
1 5 resultant binding complexes of interest can be removed from the reaction mixture by 
any suitable separation means for subsequent detection. The novel unit-of-use 
reagent compositions obviate the need for measuring and dispensing individual assay . 
reagents In the assay procedure. Moreover, the unit*of-use reagent compositfons of 
the present Invention have enhanced stability for long term storage. 

2 0 The unit-of-use reagent composition for a specific binding assay contains at 

least one capture reagentrcoated particle, wherein the capture reagent is a specific 
binding member in an amount sufficient to perfonn a single binding assay and a 
moldable earner matrix. The carrier matrix Is dried thereby stabilizing the 
capture reagent-coated particle. The carrier matrix can be reconstituted upon 
25 contact with a solvent, thereby releasing the capture reagent-coated particle. 

Depending upon the desired assay format, the capture reagent may be specific for a 
an analyte as in a sandwich assay, an indicator reagent as in a competitive assay or an 
ancillary specific binding member as in an indirect assay. The moldable earner 
matrix is typically a gelatin, such as, a calf skin gelatin, fish gelatin, swine skin 

3 0 gelatin or a vegetable gelatin. 

The present invention also relates to a method of forming a unitof-use 
reagent composition for a specific binding assay. In the method, at least one capture 
reagent-coated particle is combined with a moldable carrier matrix. An aliquot of 
the mixture is inserted into a mold cavity and allowed to solidify. The reagent may 
35 the be air dried or iyophilized. 
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In another embodiment of the present Invention, the unit-of-use reagent 
contains an Indicator reagent and a moldable carrier matrix. The indicator reagent Is 
combined with a moldable carrier matrix to form a mixture. An aliquot of the 
mixture is dispersed Into a mold cavity where it is cooled and or dried or othenwise 
allowed to solidify to form a unit-of-use reagent composition. The unit-of-use 
reagent composition may also be lyophilized. The unlt-of-use reagent composition 
rehydrates upon contact with a solvent, thereby releasing the Indicator reagent to 
take part in a specific binding reaction. 



DETAILED DESCRIPTION OF THE INVENTION 



The present Invention involves a unit-of-use reagent composition and 
methods for preparing the composition. The reagent composition can be stored for 
1 5 prolonged periods at room temperature and can be dispensed by a technician without 
the need for multiple reagent measurements and additions to the reaction vessel or 
test device. 

Before proceeding further with the description of the various embodiments of 
the present invention, a number of terms will be defined. A variety of assay 

2 0 techniques in which the unit-of-use reagent composition of the present invention can 

be used are also described. 

I. DERNITIONS 

25 The term "specific binding member", as used herein, refers to a member of a 

specific binding pair, }.e., two different molecules where one of the molecules 
through chemical or physical means specifically binds to the second molecule. In 
addition to antigen and antibody-specific binding pairs, other specific binding pairs 
include biotin and avidin, carijohydrates and lectins, complementary nucleotide 

3 0 sequences (including probe and capture nucleic acid sequences used In DNA 

hybridization assays to detect a target nucleic acid sequence), complementary peptide 
sequences, effector and receptor molecules, enzyme cofeclors and enzymes, enzyme 
Inhibitors and enzymes, and the like. Furthermore, specific binding pairs can 
Include membere that are analogs of the original specific binding member. For 
35 example, a derivative or fragment of the analyte. l.e., an analyte-analog. can be used 
so long as It has at least one epitope in common with the analyte. 



wo 93/07466 



5 



PCr/US92/07934 



Immunoreactive specific binding members include antigens, haptens, 
antibodies, and portions or complexes thereof. Including those formed by 
recombinant DNA methods, fragmentation methods or peptide synthesis. Typically, 
the immunoreactive specific binding member is capable of binding either to the 
5 analyte as in a sandwich assay, to the capture reagent as in a competitive assay, or to 
an ancillary specific binding member as in an Indirect assay. If an antibody is used, 
it can be a monoclonal antibody, polyclonal antibody, antibody fragment, recombinant 
antibody, a mixture thereof, or a mixture of an antibody and other specific binding 
members. The details of the preparation of such antibodies and their suitability for 

1 0 use as specific binding members are well known to those skilled In the art. 

The term "analyte", as used herein, refers to the substance of interest in the 
test sample to be detected or measured in the assay. The analyte can be any substance 
for which there exists a naturally occurring specific binding member (e.g., an 
antibody) or for which a specific binding member can be prepared. The analyte may 
1 5 be bound to one or more specific binding members in the assay. "Analyte" also 
includes any antigenic substances, haptens, antibodies, and combinations thereof. 
Anaiytes of interest include, but are not limited to, proteins, peptides, amino acids, 
hormones, steroids, vitamins, drugs including those administered for therapeutic 
purposes as well as those administered for illicit purposes, a bacterium, a virus, 

2 0 and metabolites of or antibodies to any of the above substances. 

The term "Indicator reagenf, as used herein, refers to a detectable label 
directly or indirectly attached to a specific binding member. The label can be 
attached to the specific binding member prior to the assay or during the performance 
of the assay. The indicator reagent produces a detectable signal that is related to the 

25 presence or amount of analyte in the test sample. In general, the indicator reagent is 
detected or measured after it is captured on a solid phase material, but unbound 
indicator reagent may also be detected or measured to determine the result of an 
assay. The specific binding member of the indicator reagent can be a member of any 
specific binding pair including immunoreactants. The label of the indicator reagent 

30 is capable of producing a signal detectable by visual or instrumental means. A 
variety of different Indicator reagents can be formed by varying either the label or 
the specific binding member. 

The term "label", as used herein, refers to any substance which is or becomes 
attached to a specific binding member and which is capable of producing a signal that 

35 is detectable by visual or instrumental means. Such labels include, but are not 
limited to, chromogens; catalysts; fluorescent compounds; chemiluminescent 
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compounds; radioactive labels; direct visual labels Including colloidal metallic, non- 
metallic particles, dye particles, enzymes or substrates, or organic polymer latex 
particles: liposomes or other vesicles containing signal producing substances; and 
the like. The selection of a particular label is not critical to the present invention. 
5 but the label will be capable of generating a detectable signal either by itself or in 
conjunction with one or more additional substances as In an enzyme/substrate signal 
producing system. 

The term "signal producing system", as used herein, refers to the group of 
assay reagents that are needed to produce the desired reaction product or signal. For 

1 0 example, one or more signal producing components can be used to react with a label 
and generate the detectable signal. e.g.. when the label is an enzyme, amplification of 
the detectable signal Is obtained by the enzyme reacting with one or more substrates 
or additional enzymes to produce a detectable reaction product. "Detectable signal" as 
used herein, is intended In its broadest sense to include any observable change in a 

1 5 system parameter, such as a change In or appearance of a reactant. an observable 
precIpKation of any component in the test sample or a change in any other parameter 
whether detected by direct visual observation or instrumental means. 

The term "capture reagent", as used herein, refers to a specific binding 
member which may be specific either for the analyte as in a sandwich assay, for the 

20 indicator reagent and analyte as In a competitive assay, or for an ancillary spedflc 
binding member which Itself is specific for the analyte as In an Indirect assay. Thus, 
the specific binding member can be any molecule capable of specifically binding with 
another, just as In the Indicator reagent specific binding members. In a solid phase 
assay, the capture reagent Is directly or indlrecUy attached to a substantially solid 

25 material. The solid phase facilitates the separation of the analyte and/or assay 

reagents or complexes thereof to be separated from the test solution. Typically, the 
attachment of the specific binding member to the solid phase material is 
substantially Irreversible and can include covalent or noncovalent mechanisms. The 
capture reagent can be directly attached to the solid phase particle by adsorption, but 

30 preferably the capture reagent is Indirectly attached to the particle with a cross- 
linking agent The cross-linking agent Is preferably selected from glutaraidehyde, 
formaldehyde, glyoxal, acrolein and acetaldehyde. It Is most preferable that the 
capture reagent be covalently bonded to the particles by a sensitization procedure 
using glutaraidehyde. 

35 The term "ancillary specific binding member", as used herein, refers to any 

member of a spedflc binding pair which Is used In the assay In addition to the 
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specific binding members of the capture reagent and the indicator reagent to detect 
the presence or amount of the analyte in the test sample. One or nriore ancillary 
specific binding members can be used in an assay. For example, an ancillaiy specific 
binding member can be capable of binding the analyte. as well as a second specific 
5 binding member to which the analyte Itself could not attach. 

II. DIAGNOSTIC ASSAYS 

The novel unlt-of-use reagent compositions of the present invention are 
1 0 advantageously used in a variety of immunoassay formats. The present invention, 
however, is not limited to immunoassays. Any assay configuration using specific 
binding members and a detectable label can be performed using the unit-of-use 
reagent compositions, but immunoassay formats will be described herein to simplify 
the disclosure. 

1 5 Binding assays are generally categorized into one of two major classes, 

homogeneous and heterogeneous assays. In a homogeneous assay, the analyte and 
assay reagents form a test solution and are not separated prior to the detection of the 
signal produced by the indicator reagent. In a heterogeneous assay, either a solid 
phase material is used which allows the separation of bound from unbound reaction 

20 components, or a reagent of the initial solution is caused to precipitate and is 

subsequently removed from the test solution. These assays may be further divided 
into sandwich and competitive assays, and variations thereof. 

Schematic representations of examples of several such types of assays for 
both antigen and antibody analytes follow. It will be appreciated, however, that one 

25 skilled in the art can conceive of many other types of assays, including assays for 
analytes other than antigens or antibodies, to which the present Inventive concepts 
can be applied. 

Hfitfironeneous Assays 
30 1. Direct Assay 



Solid Phase^Santure Reagent 
particlerantlbody 



Analyte 
Antigen 



ItwjicafOT Reagent 

Ab* 
labeled antibody 
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The speoHfc binding member of the Indicator reagent may or may not be the 
same specfffc binding member as the capture reagent. Antigen and antibody analytes 
are detemiinable using the foregoing reaction scheme. Variations on the reaction 
scheme Include the following, without limitation: 



<^IM PhasB;Cj.ptiirfl Rfiaoent 

partlcle:antigen 

-fig 
partlcle:antigen 

-fb-fig 
particle:antibody:antigen 



Analvte 

Ab 
Antibody 

Ab 
Antibody 

Ab 
Antibody 



In^if-atnr Reagent 
Ab* 

labeled anti-antibody 

Ag' 
labeled antigen 

Ab* 

labeled anti-antibody 



2. Indirect Assay 

In this group of assays, an additional specific binding member is used 
1 0 together with those of the Indicator and capture reagents to fbmi the detectable 
binding complex. For example, an ancillary specific binding member can be used 
where the indicator reagert specifically binds with the ancillary specific binding 
member which in turn binds to the analyte. It is also desirable, in some cases, to 
capture the analyte directly on the solid phase. 

15 

c^ljriPhase^^Dture 
peaqant 

-A) 
particlerantibody 



particle 



frnalyte 



AnclMarv 



Inftinatnr Reaoent 



fiQ 
Antigen 



fig 

Antigen 



Ab 
antibody 



Ab 
antibody 



Ab* 
labeled anti- 
antibody 

Ab* 

labeled anti- 
antibody 
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3. Competitive Assay 

Examples of competitive assay formats include the following: 
iSnlifl PhasfiiOaptwrB Reagent 

-A) 
particle :antibody 

particle lantlgen 

5 

In these examples, both the analyte in the test sample and the specific binding 
member of the indicator reagent are capable of competitively binding to the capture 
reagent. The amount of indicator reagent so bound reflects the amount of analyte in 
the test sample. Ancillary specific binding members can also be used In competitive 

1 0 assays. Generalized examples describing sandwich and competitive aissays which can 
employ the reagent compositions of the present invention are set forth below. 
Detailed discussions of sandwich assay procedures using the reagent composition of 
the invention are set forth in the examples which follow. 

A solid phase sandwich assay uses a capture reagent, l.e., specific binding 

1 5 member, attached to a solid phase material. The capture reagent is contacted with a 
test sample, suspected of containing the analyte, and an indicator reagent comprising 
a second specific binding member that has been labeled. The reagents and test sample 
can be contacted simultaneously or sequentially, either singly or in combination. A 
binding reaction results in the formation of a capture reagent/analyte/indicator 

2 0 reagent complex immobilized upon the solid phase material. The assay can also 
comprise the step of separating the resultant complex from the excess reagents and 
test sample. The complex retained on the solid phase material is detected by 
examining the solid phase for the indicator reagent. If analyte is present in the 
sample, then label will be present on the solid phase material. The aniount of label 

25 on the solid phase is a function of the amount of analyte in the sample. 

The reagent compositions of the present invention are advantageously used in 
the sandwich assay fonnats, including the fonvard, reverse and simultaneous 
techniques. Typically, a forward assay involves the contact of the test sample to the 
capture reagent followed by a certain incubation period which is in turn followed by 

30 the addition of the indicator reagent. A reverse assay involves the addition of the 
indicator reagent to the test sample followed by the addition of the capture reagent 
after a certain incubation period. A simultaneous assay involves a single incubation 



Analyte Inriiratnr Raaaent 

fig Ag* 

Antigen labeled antigen 

Ab Ab* 

Antibody labeled antibody 
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step as the capture reagent and indicator reagent are tx)th contacted to the test sample 
at the same time, such as when both the capture reagent and indicator reagent are 
encapsulated in a carrier matrix in a reagent composition of the present Invention, 
in addition, the present Invention can be used in an indirect sandwich assay 
5 with the formation of a complex of capture reagent/analyte/analyte-speclfic binding 
member/indicator reagent, in this case, the additional analyte-specific binding 
member is an ancillary specific binding member which can be added separately or 
included In the encapsulated reagent composition. 

The reagent compositions of the present invention can also be used In a 

1 0 competitive assay. In a solid phase competitive configuration, the capture reagent is 
again attached to a solid phase material and Is contacted with both test sample and an 
Indicator reagent The Indicator reagent is formed from an analyte or analyte-analog 
which has been labeled. A binding reaction occurs and results In the formation of 
complexes of (1) sofld phase:caplure reagent/analyte complex and (2) solid 

1 5 phasexapture reagent/indicator reagent complex. In the competitive assay, the 

amount of label on the solid phase is inversely related to the amount of analyte in the 
sample. Thus, a positive test sample will generate a decrease In signal. For 
example. In a theophylline assay, an anti-theophylline antibody (either monoclonal 
or polyclonal capture reagent) can be immobilized upon a solid support A 

20 competition for binding to that antibody can be established between an Indicator 

reagent of labeled theophylline and unlabeled theophylOne present In the test sample. 
The immunoreaction results In a solid phasexapture reagent/Indicator reagent 
complex If theophylline, or a threshold amount of theophylline, is not present In the 
test sample. Increased theophyinne levels In the test sample will result in decreased 

25 Indfcator ree^ent associated wift the solid phase. 

Hnir»ff'*"'"'«^''^ 

Homogeneous assays do not require the separation of the test solution and the 

Indicator reagent prior to observation of the indicator reagent This broad 
3 0 classification Includes many formats such as those described below as well as others 
apparent to one skilled In the art using the novel reagent compositions of the present 
invention. 

A major category of homogeneous assays are the agglutination assays which 
can also be performed using the reagent compositions of the present Invention. 
35 Agglutination reactions and their procedures are generally weU known In the art. A 
typical agglutination reaction consists of the clumping together of analyte In the 
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presence of an analyte-specific binding member. Tiiis clumping or agglutination of 
reaction components is monitored to determine the presence or amount of the analyte 
sought to be detected. The agglutination reaction can be monitored by labeling a 
reaction component, e-g., a specific binding member, and detecting the signal 
5 associated with either the agglutinated or the unagglutinated reagents. Detection can 
be achieved visually by obsen/ing the clumping of the reaction medium* by the 
settling or pelleting of the Indicator reagent in a gravitational field, by changes in 
light scattering, or by changes In the spectral properties of the indieiator reagent. 

10 1. Direct Assay 

In a direct agglutination assay, if a polyvalent analyte is present, two or more 
labeled specific binding members can bind to the analyte, thereby causing the 
indicator reagent and analyte to aggregate. An increase in the aggregation can indicate 
15 an increase in the amount of analyte present in the test sample. The capture 
reagent-coated particle can also serve as the detectable label. For example, the 
reagent-coated particle can be a colored particle which facilitates the detection of 
particle agglomerates in agglutination assays. 

20 2. Indirect/Competitive Assay 

An Indirect agglutination assay can be constructed using an ancillary binding 
member that competes with the analyte for binding to the Indicator reagent. Such an 
assay configuration is especially useful for the analysis of a monovalent analyte. In 

25 this assay, more than one ancillary binding member is attached to an insoluble 
material and is contacted to the indicator reagent and test sample. If the analyte is 
absent, or below a threshold level, then agglutination occurs due to the binding of 
more than one indicator reagent to the insoluble material. If the analyte is present 
in the test sample, then the analyte competitively binds to the indicator reagent, 

30 thereby blocking the indicator reagent's binding to the insoluble material, and the 
presence of the analyte is indicated by a decrease In agglutination oiF the Indicator 
reagent. 
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III. 



LYOPHIUZED REAGENT CXDMPOSmOr© 



The present invention involves the encapsulation of a capture reagent-coated 
particle or particles in a carrier matrix which is advantageously used to dispense 
5 the reagent composition in the amount needed for a single assay. Preferably, the 
carrier matrix material and the encapsulated reagents can be lyophllized. The 
lyophilized reagent composition is rehydrated during the performance of the 
diagnostic assay, thereby allowing the assay reagent or reagents to be released. The 
assay reagents can be Included in the unit of use reagent composition to produce 

1 0 various detection or measurement formats including sandwich assays, competitive 
assays and agglutination assays in which all or most of the reagents necessary for the 
assay are preferably contained by the carrier matrix. The lyophilization of the 
reagent composition is not critical to the present invention, but it has been found to 
extend reagent stabDIty and facilitate the handling and packaging of the reagent 

1 5 compositions. The novel reagent compositions can be used in diagnostic instruments 
In place of multiple liquid reagents, or they may be used with manual assay devices 
enabling a single addition of assay reagents by tiie user without the need for reagent 
measurements. 

The carrier matrix can comprise any substance capable of being Incorporated 

20 witti one or more specific binding assay reagents. In one embodiment, tiie carrier 
matrix is a moldable material which enables ttie use of individual mold cavities for 
the formation of separate molded units which contain alquots of reagents sufficient 
for a single assay. Alternatively, the carrier matrix enables tfie formation of sheets 
or similar masses that can be removed from a single mold cavity which may tiien be 

25 divided or separated Into unlt-of^ise blocks or plugs. In either case, the units can 
then be lyophifEed with the resultant formation of a dried reagent composition with 
high structural Integrity. In yet another embodiment, the carrier matrix may be 
used to coat or embed an appropriate amount of assay reagent on a bibulous material 
which Is part of an assay device. For example, an indicator reagent in a carrier 

3 0 matrix may be applied to a porous filter, ttiereby encasing the reagent. The addition 
of a liquid test sample to the porous filter will release the assay reagent from the 
carrier matrix for reaction with the test sample or other assay reagents. In yet 
another embodiment, the assay reagent so released may also migrate from tiie 
bibulous material to anotiier portion of ttie assay device. 

35 Suitable materials for the carrier matrix are selected from substances which 

wilt rehydrate with the addition of a test sample, or other appropriate solvent, but 
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which will be inert with respect to the assay reagents and which can be dried or 
lyophilized. Most preferably, the carrier matrix will rapidly rehydrate and 
dissolve when contacted vrfth the solvent, thereby releasing any assay reagents 
contained therein. The dissolved canler matrix can be then be washed away at the 
5 end of the assay's Incubation period. 

Gelatin was found to be the most preferred carrier matrix material. Gelatin 
sources Include calf skin gelatin and swine skin gelatin of various Blooms (i.e., 
Bbom number is an indication of the strength of the gels produced, wherein the 
higher the Bloom number the stronger the gel.) Fish gelatin and vegetable gelatins 

10 can also be used. Assay reagents are easily mixed with gelatin solutions, and the 
cooled gelatin forms a gelled mass which is readily moldable. The units of gelatin 
encapsulated reagent compositions can be lyophilized with the resultant formation of 
a dried protein with high structural integrity. The lyophilized gelatin will rapidly 
rehydrate and dissolve when contacted with a solvent, releasing any reagents 

1 5 contained therein, and the gelatin can be washed away. 

The test sample can be derived from any source, such as a physiological fluid, 
including, blood, saliva, ocular lens fluid, cerebral spinal fluid, sweat, urine, milk, 
ascites fluid, mucous, synovial fluid, peritoneal fluid, amniotic fluid or the like. The 
fluid can be pretreated prior to use, such as preparing plasma from blood, diluting 

20 viscous fluids, or the like; methods of treatment can involve filtration, distillation, 
concentration, inactivation of interfering components, and the addition of reagents 
such as additional solvents. Besides physiological fluids, other liquid samples can be 
used such as water, food products and the like. In addition, a solid can be used once 
the sample material is modified to form a liquid medium. 

25 in one embodiment of the present invention, the capture reagent is attached to 

a plurality of particles, e.g.. microparticles, which serve as the solid phase 
material. The particles can be selected by one skilled in the art from any suitable . 
type of particulate material including, but not limited to. those composed of 
polystyrene, polyacrylamide, polyurethane. polymethylacrylate, polypropylene. 

30 polytetrafluoroethylene, polyacrylonitrile, polycaribonate or similar materials. In 
one embodiment, the particles may be made of or contain a magnetic or magnetizable 
material whereby the particles can be removed from from a reaction mixture by the 
application of a magnetic field. 

The capture reagent-coated particles are encapsulated in the carrier matrix 

35 which can then be lyophilized. The lyophilized reagent composition is reconstituted 
during the performance of the assay, and the carrier matrix releases the capture 
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reagent-coated partfdes for reaction with the analyte and indicator reagent. The 
particles can then be separated from the test solution. For example, the particles 
may be separated from the test solution by centrifugation, precipitation, 
agglutination, the application of a magnetic field, filtration or entrapment by means 
5 of an additional solid phase base material. A suitable solid phase base material can be 
any porous, absorbent or bibulous material which can separate the particles from 
the test solution for observation. Preferable solid phase base materials include 
fiberglass, cellulose or nylon pads through which the test solution and unbound 
reagents will pass. The size of the particles is not critical, although It Is preferred 
10 that the average diameter be smaller than the average pore size of the solid phase 
base material. 

In an altemative embodiment, the capture reagent is immobilized upon a 
single particle, such as a quarter-inch bead. In this instance the assay can be 
perfbmied In a reaction vessel such as a cuvette, microtitre plate, or glass or plastic 
1 5 test tube, from which the test solution, unbound reagents and wash solutions can be 
removed. 

in another embodiment of the presem invention, the indicator reagent as well 
as the capture reagent-coated particle is encapsulated In the carrier matrix. The 
inclusion of a sugar additive has been found to protect the indicator reagent during 

20 the lyophilizatlon process and to enhance the stablli^ characteristics of the 

indicator reagents label component For example, rf-trehatose dihydrate was found 
to provide the best stabilizing response for enzyme labels. Oflier sugars which may 
be advantageously used In tiie production of the reagent compositions of tiie present 
invention Include dextran. lactose, sucrose, maltose, xylose, arabitol and xyiitol. 

25 Preferably, the sugar additive Is present in tiie final composition at a concentration 
of from about 0.1% to about 50%. Most preferably, the sugar addftive is present at 
a concentration of from about 0.1% to about 20%. 

As described above, different molds can be used to form the desired carrier 
matrix unit. Although not a necessity, the mold can be pretreated with a release 

3 0 agent to facilitate the removal of the newly formed reagent composttion units. 
Pretreatment of the molds in the present invention was typically performed by 
coating or lightly spraying the surface of ttie mold with ieclttiln. 

The unit of use reagert compositions may be air dried or lyophilized. The 
details of different lyophOization procedures are well known to ttwse skilled In the 

35 art. In general, the material to be lyophilized should be brought below the eutectic 
temperature of this material prior to application of vacuum. For aqueous materials, 
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a temperature of less than -40'' F will ensure adequate freezing. This can be 
accomplished by application of the device to dry Ice, immersion of the device into a 
dry ice-acetone bath or application of the device to freezing surfaces available in 
many commercial freeze-drying devices. The vacuum applied to the material should 
5 be sufficient to ensure removal of water by sublimation. 

EXAMPLES 

1 0 The following Examples illustrate how to mal<e the novel reagent compositions 

of the present invention and how to perform assay procedures using those reagent 
compositions. The Examples, however, are intended only to be illustrative, and are 
not to be constmed as placing limitations upon the scope of the invention, which 
scope is defined solely by the appended claims. 

15 

Example 1 

Preparation of a Lyophilized Reagent Composition for a Cardnoembryonic Antigen 

(CEA) Enzyme Immunoassay 

20 a) Preparation of the assay reaoents 

Ten grams of d^trehalose dihydrate (Aldrich, Milwaukee, Wl) and two grams 
of calf skin gelatin (60 Bloom, Sigma, St. Louis, MO) were combined in distilled 
water (approximately 10 ml) in a 50 milliliter graduated plastic centrifuge tube. 
The volume was brought to approximately 30 milliliters with distilled water, and 

25 the mixture was blended by vortexing. The mixture was heated by placing the tube in 
a beaker of water situated on a hot plate. The water was brought to a boil. The tube 
was removed, and the volume of solution was brought to 50 milliliters with distilled 
water and further mixing. The resultant 4% gelatin. 20% trehalose solution was 
later mixed one part by volume for each one part of test reagent. 

30 Capture reagent-coated particles comprised a microparticle solid phase of 

cyanogen bromide-actrvated Sepharose® 4B (Sigma) coated with anti-CEA mouse 
monoclonal antibody (2 mg/ml). The capture reagent-coated particles were 
suspended 5% in a specimen diluent buffer [SDB; 

Tris(hydroxymethyl)aminomethane buffer (Tris) containing gentamicin as a 
35 preservative] The indicator reagent was a conjugate of anti-CEA antibody (mouse 
monoclonal) and horseradish peroxidase (HRPO) (150 ng/mi). 
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A reagent mixture was formed by combining equal volumes of the suspended 
capture reagent-coated particles and the Indicator reagent (100 nl of Indicator 
reagent for each 100 ni of capture reagent-coated particles In SDB). The reagent 
mixture was then combined with an equal volume of the carrier matrix solution 
5 (200 Hi of gelatin solution for each 100 of indicator reagent and 100 |ii of 
capture reagent-coated particles In SDB) to fonn the reagent composHion. 

b ) I Y"phil?7atinn ^hft raanftnt nomnosftion 

The carrier matrix mold was a 1/4" thick plastic plate with individual 3/8" 
1 0 cavMies. The mold was lightly sprayed with ledthln to facilitate the removal of the 

reagent composition unRs. 

An aliquot of the reagent composition (400 \iJ) was dispensed into each mold 
cavHy using a precision pipette. The mold was exposed to -70° C in a freezer for 
approximately three hours. The molds were then transferred to -SO' C freezer 

1 5 shelves where they were kept under a vacuum for 3.5 hours. The shelf temperature 
was then Increased to -35° C and maimalned for 16 hours. The lyophilization cycle 
was completed by sublimation at a shelf temperature of -10» C for five hours, 
followed by a shelf temperature of +30° C for about 18 hours. The lyophillzed 
reagent composition units were removed from the mold and stored in glass vlals with 

20 silica gel deslccant. Storage at 4» C ensured extended stabBity. Reagent compositions 
stored at room temperature, however, exhibited stable performance with little 
change in performance firom those reagem compositions stored at 4- C. and better 
performance than liquid reagent control compositions. 

25 c) iiirrftntahnHv of t f ]^ hmnhilfeftd reanftHt comPQSifoP in Ihft CEA assay 

A unit of the lyophillzed reagent composition was placed in a filtered reaction 
vessel that could be maintained at a temperature of 40° C and rotated during 
Incubation to enhance assay kinetics. The lyophillzed reagem composition was 
combined with a test sample or CEA assay standard solution in the reaclton vessel. 

30 The CEA standards Included samples of 0. 4, 24, 44 and 84 nanograms of antigen per 
milliliter of Tris buffer. The test samples, or standards, and the lyophillzed reagent 
composition were Incubated at 40" C. while rotating, for 20 minutes. If CEA was 
present, then a capture reagent/antlgen/Indicator reagert complex was formed 
during the Incubation period. After Incubation, the unbound Indicator reagent was 

3 5 washed from the reaction vessel with 0.9% sodium chloride solution or phosphate 
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buffered saline solution; a three nnilllliter volume of wash solution was drawn 
through the reaction vessel, and this process was repeated nine times. 

The performance of the reagent composition was measured by detecting the 
amount of capture reagent/antigen/lndlcator reagent complex formed during 
5 Incubation. The more antigen present in the test sample, the more ternary complex 
was formed, and therefore, the greater the amount of Indicator reagent held in the 
reaction vessel, Tetramethylbenzidine (TMB) was used as the color-producing 
substrate with which the HRPO of the Indicator reagent would react. Three hundred 
microliters of TMB substrate was dispensed Into each reaction vessel. The reaction 

1 0 vessels were incubated for eight minutes at 40** C while rotating. A blue color was 
generated In the presence of HRPO, i.e.. in those samples which had formed a capture 
reagent/antigen/indicator reagent complex. Color development was quenched with 
the addition of sulfuric acid (1 ml, 1 N H2SO4), and the color development was read 
using a spectrophotometer (450 nm). Color measurements demonstrated that as the 

1 5 amount of analyte in the test sample increased, the amount of Indicator reagent bound 
to the capture reagent also increased as shown by an Increase In light absorbance. It 
was found that the detectable signal for both lyophilized reagent compositions and 
uniyophilized reagents was substantially the same, indicating that no substantial 
changes to the reagents occurred during the lyophllization process. 

20 

Example 8 
Lyophilized Reagent Composition 

A lyophilized reagent composition was prepared substantially in accordance 
25 with the protocol of Example 1, above, with the exception that a single polystyrene 
bead was used in lieu of the microparticles. The molded reagent compositions were 
formed by dispensing a single capture reagent-coated polystyrene bead into each 
mold cavity, followed by the addition of the Indicator reagent and the gelatin solution. 
A CEA assay was perfonned substantially in accordance vrfth the protocol of Examfrfe 
30 1, and similar results were obtained. 

The assay results are presented In Table 1 which compares the CEA 
concentration In the samples to the amount of color developed. The results 
demonstrated that as the amount of analyte In the test sample Increased, the amount 
of indicator reagent bound to the capture reagent-coated bead also increased as shown 
35 by an Increase In light absorbance. 
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TABLE 1 
Polystyrene Bead Soiid Phase 



5 


fttandard 
C.V. 


fCPAl no/ml 


aA45Q 


i^veraoe 


g.D. 






1 


0 


0.088 
0.095 


0.092 


0.005 


5.4% 


10 


2 


4 


0.366 
0.3oo 


0.350 


0.023 


6.7% 




3 


10 


0.701 
0.694 


0.698 


0.005 


0.7% 


15 


4 


30 


1 .378 
1.488 


1.433 


0.078 


5.4% 


20 


5 


60 


1.815 
1.841 


1.828 


0.018 


1.0% 



Pvamnle 3 

Preparation of a Lyophiirzed Reagent Composition for a Human Chorionic 
Gonadotropin (hCG) En^me Immunoassay 

25 

a) Pfpparatinn f^f ttlft P'^^V rpanants 

One hundred micronters of conjugate (antl-hCG antlbody/m- 
maleftnldobenzoyl-N-hydioxysucclnlmide ester) was mixed with an equal volume 
matrix solution contaTnlng 0.5% gelatin and 6% sucrose made substantially In 
30 accordance with the process described in Example la, above. 



b) > ynphiliration nf thfi reaopnt mmnosltion 

An aliquot of the reagent composition (400 was dispensed onto a porous 
filter material using a precision pipette. The filter was exposed to -70' C in a 
35 freezer for approximately two hours. The units were then transferred to -44' C 
freezer shelves where they were kept under a vacuum for one hour. The shelf 
temperature was then increased to -20° C and maintained for approximately two 
hours. The lyophilization cycle was completed by sublimation at a shelf temperature 
of 0* C for approximately twelve hours, followed by a shelf temperature of +30" C 
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for about one hour. The lyophilized reagent composition units were removed from 
the mold and stored at room temperature in glass vials with silica gel desiccant. 

C) Aoceptabilitv of the Ivophilized reagent composition in the hCG assay 
5 An hCG assay standard solution was contacted to the lyophilized reagent 

composition which overlaid a porous pad containing immobilized anti^hCG antibody. 
The hCG standards included samples of 0 and 100 nanograms of antigen per milllilter 
of Tris buffer. The test samples, or standards, and the assay reagents were incubated 
for 90 seconds. The incubation was followed by the removal of the lyophilized 

1 0 reagent composition filter and the washing of the porous pad. A chromagen solution 
of either 5-bromo-4-chloro-3-indolyl phosphate (0.5 mg/ml in Tris buffer) or 
nitro blue tetrazolium (0.2 mg/mi in Tris buffer) was then contacted to the porous 
pad. If hCQ was present, then a capture reagent/antigen/indicator reagent complex 
was formed during the incubation period, and the addition of the chromagen resulted 

1 5 in the production of a visually detectable colored reaction product. 

Example 4 

Lyophilized Reagent Composition Stability 

20 a) Preparation of the assay reagents 

A matrix solution was prepared substantially in accordance with the 
procedure described in Example 1 a, above. Anti-hCG antibody/alkaline phosphate 
conjugate (200 ml) was combined with gelatin (2.3 ml), dextran (4 g) and sucrose 
<4 g). 

25 

b) Lvophiiization of the reagent composition 

The lyophilized reagent composition units were prepared substantially in 
accordance with the procedure described In Example 3b, above. The units were 
subjected to heat stress conditions of 45"" C for a total of 111 days, 

30 

c) AcceptaMIHY pf the lypphilizeti reaqgnt comppsltlgn In thg hQG assay ■ 

Assays were performed, using the lyophilized reagent composition units, 
substantiaify in accon:Jance with the procedure described in Example 3c. above. The 
results of assays performed throughout the stress period (days 3, 7, 17, 21, 28 and 
35 111) provided identical results with the production of a visually detectable signal in 
the presence of analyte. 
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The concepts of the present invention are applicable to various types of 
binding assays. It will be appreciated, however, that one skilled in the art can 
5 conceive of other assays. Including assays for analytes other than antigens or 

antibodies, to which the present inventive concepts can be applied. The embodiments 
described and the alternative embodiments presented are imended as examples rather 
than as limitations. Thus, the description of the Invention is not Intended to limit the 
Invention to the particular embodlmems disclosed, but It Is Intended to encompass all 
1 0 equivalents and subject matter wHhin the spirit and scope of the Ira^entlon as 
previously described and as set forth In the fbiiowing claims. 
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CLAIMS 

What is claimed is: 



5 1. A unlt-of-use reagent composition for a specific binding assay comprising: 

a) at ieast one capture reagent-coated particle, wherein said capture reagent is 
a specific binding member in an amount sufficient to perfonm a single binding assay; 
and 

b) a moldable carrier matrix, 

1 0 wherein said carrier matrix is dried, thereby stabilizing said capture 

reagent-coated particle, and 

wherein said carrier matrix is reconstituted upon contact with a solvent, 
thereby exposing said capture reagent-coated particle for a specific binding reaction. 

15 2, The reagent composition according to Claim 1. wherein said said capture 

reagent is specific for a substance selected from the group consisting of an anaiyte as 
In a sandwich assay, an Indicator reagent as in a competitive assay and an ancillary 
specific binding member as in an indirect assay. 

20 3. The reagent composition according to Claim 1, wherein said moldable carrier 
matrix is a gelatin selected from the group consisting of calf skin gelatin, fish 
gelatin, swine skin gelatin and vegetable gelatins. 

4. The reagent composition according to Claim 1, further comprising an 
25 Indicator reagent containing a specific binding member attached to a label.. 

5. The reagent composition according to Claim 4, further comprlsingt a 
stabilizer for said indicator reagent. 

30 6. The reagent composition according to Claim 5, wherein said stabilizer is a 
sugar. 

7. The reagent composition according to Claim 6, wherein said sugar is present 
at a concentration of from about 0.1% to about 50%. 
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8- The reagent composition according to Claim 7, wherein said sugar Is Is 
selected from the group consisting of trehalose, dextran, lactose, maltose, xylose, 
arabftol, xylitol and sucrose. 

5 9. A method of forming a reagent composition for a specific binding assay 
comprising: 

a) combining at least one capture reagent-coated particle with a moldable 
carrier matrix to form a mixture, wherein said capture reagent comprises a specific 
binding member attached to a particle; 
10 b ) dispersing an aliquot of said mixture into a mold cavity; 

c) cooling said mixture to form a unit-of-use reagent composition; and 

d) lyophilizing said unit-of-use reagent composition, wherein said composition 
rehydrates upon contact with a solvent, thereby releasing said capture reagent- 
coated particle. 

15 

10. The method according to Claim 9, further comprising, combining an indicator 
reagent with said capture reagent-coated particle and said moldable carrier matrix 
prior to dispersing an aliquot of said molten mixture into said mold cavity. 

20 11. A method of fomning a reagent composition for a specific binding ass^ 

containing an Indicator reagent and a moldable earner matrix, comprising the steps 
of: 

a) combining an Indicator reagent with a moldable carrier matrix to form a 
mixture, wherein said Indicator reagent comprises a specific binding member 

25 attached to a label; 

b ) dispersing an aliquot of said mixture into a mold cavity; 

c) cooling said mixture to fomi a unit-of-use reagent composition; and 

d) lyophilizing said unit-of-use reagent composition, wherein said composition 
rehydrates upon contact with a solvent, thereby releasing said indicator reagent for a 

30 specific binding reaction. 

12. The method according to a preceding Claim, further comprising, combining a 
stabilizer with said Indicator reagent. 

35 13» The method according to a preceding Claim, wherein said moldable canler 
matrix is a gelatin. 
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14. The method according to a preceding Claim, wherein said gelatin is selected 
from the group consisting of. calf skin gelatin, fish gelatin, swine skin gelatin and 
vegetable gelatins. 

15. The method accwding to a preceding Claim, further comprising the addition of 
a sugar as a stabilizer, wherein said sugar is selected from the group consisting of 
trehalose, dextran. lactose, maltose, xylose, arabitol, xyiitol and sucrose. 



INTERNATIONAL SEARCH REPORT 



Intemattonal application No. 

PCT/US92/07934 



A* CLASSinCATION OF SUBJECT MATTER 
IPC(5) :G01N 21/00 
USCL :422/5647^8 

Accofding to International P&tent Classification (DPC) or to both national clasaification and IPC 



B. HELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 422/56-58 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS 

search tenns: lyophiliz(l) or freeze^ or fieeze-dried 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category^ 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y,P 



US, A, 3,963,441 (Dietrich) 15 June 1976 (See entire document). 



US, A, 3,975,162 (Renn) 17 August 1976. 
(see entire document). 

US, A, 5,102,788 (Cole) 07 April 1992, 
(see entire document). 



1-15 



1-15. 



1-15 



|~] Further documents arc listed in the continuation of Box C. Q See patent family annex. 



•A' 



Spcctil categoriei of cited documenti: 

documeiitdefiniiic die scaendilale of the ut which b not couidcrad 
to be put of pmrtkuhr relevinco 

euUer document pubtiihed on or after the ioieniAtioiiai filiog dtle 

docnmeai which may throw doubti oa priority cfauoi(i) or which is 
cited to otabliih the publicatioD dale of aiwMher citation or other 
special reaion (>i ipectfied) 

document refeirins to an ocal dticlocure. use, ex h i b ition or other 



docuraeatpubliihed prior to the ntenatiottal films date bul later than 
the priofiy date cUcned 



T later document published after the international filing date or pnoni) 

date and not in conflict with the application but cited to undcnrfwiJ thi: 
principle or theory underiying the invemion 

*X* document of pacticular reievancs; the claimed invenliua cunnui be 

conaidered novel or cannot be considered to involve un invciilivc au-p 
when the document is taken alone 

*Y* document of particular relevance; the chiimed mveniioo caiuiiit K- 

considered to involve an inventive step when the ducumcnt t» 
combined with one or more other such documenu. such combiimiiuii 
being obvious to a peiaon skilled in the art 

*4k* documcaimCTnherof the same patem family 




Date of the actual completion of the international search 
03 DECEMBER 1992 



Date of mailing of the International seai 



Name and mailing address of the ISA/ 
Conuiusuoner of ntlents and Trtdemtiks 

Box per 

Wasfainigtoii, D.C. 20231 
Facsimile No. NOTAPPUCABLE 



Authorized officer 

SAM ROSEN 
Telephone No. (703) 308-0196 



Fom PCTyiSA/210 (seeond ahectXiuly 1992)* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the imageis include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: '. 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



